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Abstract 
In this paper, dye-sensitized solar cells (DSSC) have been fabricated on fluorine-tin-oxide (FTO) glass substrates, in which TiO2 
electrodes have been printed and multi-walled carbon nanotubes (CNT) counter electrodes have been spray-coated. Ruthenium 
based dye (C58H86N8O8RuS2) has been used as photosensitizer, and the cell was constructed by stacking the dye-sensitized TiO2 
on CNT counter electrodes using Surlyn sheet of 50 μm thick as a spacer. The electrolyte containing I-/I3- redox couple was then 
injected into the cell structure before the spacer was sealed and heat pressed. From the study of the cell I-V characteristics, it 
showed that that the light energy conversion efficiency increased with decreasing light transmittance and sheet resistances of the 
CNT counter electrodes, and is lower compared to efficiency from similar cells Pt counter electrodes. 
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1. Introduction 
Rising global energy demand coupled with increasingly high oil prices and increasing global warming into some 
of the factors driving the rise of research in the field of new and renewable energy is environmentally friendly. Solar 
cell is one potential alternative devices to overcome these problems. Solar cell is one potential alternative device to 
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overcome these problems. Solar cells can become a source of electrical energy through solar energy conversion 
process. Some of the advantages of solar cells is the abundant source of solar energy, the principle of operation is not 
dangerous, and does not result in environmental pollution and installation systems easily applied anywhere, even to 
remote areas. 
Since the principle of energy conversion of sunlight into electricity (photovoltaic) is found by Chapin and Fuller 
in the '60s [1], the trend is dominated by the solar cell fabrication technology of silicon (Si) solar cell so-called " first 
generation ". Driven by the increasingly high price of raw materials Si solar cell then comes the "second-generation" 
technology that is dominated by a thin layer (thin film), among others, solar cells made of a-Si, CdTe, CuInSe2 
(CIS), and so forth. Along with the development of technology and then came the type of solar cell that utilizes the 
abundant natural raw materials, non-toxic and able to produce high efficiency and can be fabricated with a simpler 
process. 
One type of solar cell is the third generation Dye-sensitized Solar Cell (DSSC) that the principle works is a blend 
of the optical, electrical and chemical. This type of solar cell is believed to be able to provide alternative energy 
concept with a more affordable cost of production and the fabrication technology that is simpler than its predecessors 
solar cells are made from crystalline silicon. Although until now the energy conversion efficiency of DSSC was 
produced by a lower than silicon solar cells, but the type of DSSC solar cells is still the potential to produce a much 
higher efficiency in the future, given the current efficiency is still far from the efficiency that can be achievable in 
theory [2,3,4] 
In addition to the relatively low cost of fabrication, energy efficiency is quite high DSSC has also made a study of 
this DSSC be interesting in the study over the last two decades. As in the study Grätzel in 1991 [5,6], many attempts 
have been made to improve the efficiency of these cells using electrodes nanostructured metal oxides [7,8], various 
dye sensitization [9,10], and an electrolyte containing I-/I3–redox couples [11,12]. Counter-electrode, has not been 
studied extensively due to the fact that Pt has shown good electrocatalytic function [13] despite the expensive cost of 
his deposition. 
Recently, as an alternative to platinum (Pt) is a variety of carbon materials including graphite, carbon black, and 
carbon nanotubes (CNTs) have been studied for Counter - electrodes with a relatively low cost for DSSC [14-20]. 
Not only abundant materials, carbon materials are also known to be highly resistant to corrosion [17-18]. Joshi et al. 
shows that the composite of the DSSC has nanoparticles/TiO2 carbon used as the counter-electrode has an energy 
conversion efficiency of 5.5 %, which is similar to that obtained by using carbon nanofibers [20-21]. A new method 
has been demonstrated by Lee et al. [22-23] in which the carbon nanotubes (CNTs) have been sprayed/ coated glass 
into a transparent conducting oxide (TCO) as a counter - electrode cell efficiency of 3.88 %. 
In this study, DSSC is composed of three components, namely a layer of TiO2 (photo-electrode) above TCO 
transparent glass, redox electrolytes I-/I3- and a counter-electrode CNT is coated on the glass with a spray-coated 
TCO arranged in a sandwich. The purpose of this characterization is to study the effect of transmittance and sheet 
resistance of CNT counter-electrode to the energy conversion efficiency of DSSC. 
2. Structure and principle of Dye Sensitized Solar Cells 
The physical structure of a standard DSSC consists of two sandwiched glass layered with transparent conducting 
oxide (TCO). One electrode features a porous titanium dioxide (TiO2) layer stained with dye molecules-named as 
photo-electrode, while the other is the counter-electrode in which carbonano tube (CNT) (or other catalysts) is 
deposited upon it. Electrolyte layer of redox species (I- and I3-) exists between the two electrodes after they are being 
sandwiched together. The general structure of a DSSC is illustrated in Fig.1. 
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Fig. 1. Structure of the CNT based DSSC. 
The working principle of a DSSC is based on the kinetics of the electron transfer reactions. The 
photoelectrochemistry mechanisms which occur during electron transfer within the DSSC are as follows: a dye 
molecule is excited upon photon (hυ) absorption whereas electron is excited from highest occupied molecular orbital 
(HOMO – D) into lowest unoccupied molecular orbital (LUMO – D*) as shown by equation (1). 
The free electron is subsequently injected into the conduction band of TiO2 and transparent conducting oxide 
(TCO) towards the external circuit and left the oxidized dye molecule D+ ((Eq. (2)). Electron reach the catalyst layer 
(Pt or C) and then recombine with holes within the electrolyte, in form of tri iodide (I3-), to produce iodide ion (I-) 
through redox reactions. This reaction was shown by Eq. (3). The negative charge of I-diffuses back into the dye and 
reacts with the oxidized molecule D+ and a full electrical cycle is therefore completed (see Equation (4)). 
D + hυ → D*  (1) 
D* → D+ + e-  (2) 
I3- + 2 e- → 3I-  (3) 
3I- + 2D+ →I3- + 2D  (4) 
One of the benefits of solar cell DSSC type silicon type solar cells than seen from the existing works on the 
principle of electron generation and electron transfer that occurs in a different medium. Photon absorption and 
charge separation is done by pure carrier dyes, while the charge transfer occurs at the TiO2 and the electrolyte so that 
the charge collection efficiency is greater than the charge -collection mechanisms in silicon solar cells [20-23]. 
Fabrication of TiO2 electrodes followed the standard thick film processing, where TiO2paste (Dyesol, WER2-O) 
was screen printed on a 2x2 cm fluorine tinoxide (FTO) glass (Dyesol, sheet resistance of 15 Ώ / sq). After drying at 
150°C for 15 minutes, the printing was repeated once again to increase the electrode thickness.The TiO2 layer was 
then sintered at 450°C for 20 minutes .Sensitization of the TiO2 electrodes was done by immersing in a solution 
containing 0.2 mg/cc of Ru(C58H86N8O8RuS2) (Dyesol, B2 Dye) based dye in ethanol for 24 hours at room 
temperature. 
Fabrication of the counter electrode was started by preparing a CNT based solution in mixture of hydroxyl 
ethylcellulose, triton X, and thinner. After filtering, the CNT solution was spray coated onto the FTO glass and 
dried. To obtain a CNT layer at various thicknesses, the spray coating was repeated from 5 to 55 times. 
The DSSC fabricated by stacking TiO2electrode and a CNT counter-electrode in a sandwich structure with 50 μm 
using a thermoplastic sealant spacer. With this structure, the electrolyte (HPE, Dyesol) containing I-/I3redox couples 
then injected into the cell structure before the spacer was sealed and pressurized with heated. 
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The working principle of solar cells DSSC type basically involves three main components, namely 
photoelectrode, which serves to absorb photons and generate free electrons, a counter- electrode, and an electrolyte 
that serves as a liaison both types of electrodes. Both types of electrodes mentioned above are generally made of 
transparent glass coated with transparent conducting oxide (TCO) which is then arranged in a sandwich. The most 
effective irradiation direction is obtained from the photo-electrode, although the generation of electrons can still take 
place if the cell is irradiated from the side of the counter-electrode on condition of the type of catalyst used (such as 
Pt, carbon, etc.) are transparent . 
The free electrons are then injected to the conduction band of TiO2 and then flowed on to the TCO load and leave 
the dye molecules are oxidized D+.After passing through the load, the electrons arrive at the counter-electrode 
catalyst contained (ie CNT) which serves to collect electrons. The electrons then recombine with holes contained in 
the electrolyte, in the form of triiodide (I3-), to produce iodide ions (I-) through the reduction process. The negative 
charge of the I-then diffuses back to the dye and dye molecules react with oxidized D+( a process called 
regeneration) form a cycle that will be repeated again and so on. [24-26] 
Characteristics of solar cell output parameters is generally performed by measuring current-voltage (I-V) using a 
one - diode models. [14] In this study, the I-V measurement is done by measuring the voltage at the time of DSSC 
solar cells connected to a potentiometer with a certain resistance value and irradiated simultaneously. The light 
source is used as a source of radiation in the form of Sun Simulator at AM1.5 spectrum with light intensity 40 
mA/cm2 or 0.4 Sun. In addition to the I-V curve, another important parameter to calculate the efficiency of an open 
relationship is voltage (Voc), and closed-circuit current (Isc). The efficiency of a solar cell can be calculated using 
the following equation: 
%η = (Voc.Isc.FF/Pin) x 100 %  (5) 
with Pin is the power received by the solar cell (measured using piranometer) and FF is the fill factor which 
represents quality of I-V characteristics of a solar cell. 
3. Materials and methods 
The TCO substrate used in this study of glass-coated transparent conductive fluorine-tin-oxide (FTO) with a 
resistance value of approximately 15 Ώ/sq (Dyesol-TCO) measuring 2x2 cm2. Meanwhile, the material used in the 
form of TiO2 paste (Dyesol-18NR-AO) which has the characteristics of nano-particles of anatase with the physical 
form is not transparent. TiO2 semiconductor layer deposition was performed using a screen-printing technique is 
relatively easy, inexpensive and can be used for production scale. TiO2 layer thickness will increase the surface area 
thereby increasing the absorption layer and the number is expected to increase the dye absorption spectrum of light 
received.However, TiO2 coating that is too thick will increase the sheet resistance resulting in lower cell I-V 
characteristics. And if it is too thin to minimize the total surface area is so small its cell characteristics. To get a good 
cell I-V characteristics required optimal TiO2 layer thickness. I-V characteristics of the cells are either generated on 
the TiO2 layer thickness through repetition 2x printing. 
Each printing process is terminated by drying in an oven at 160°C for 10 minutes. After the coating process is 
done, the sample is heated in a conveyor belt furnace at a temperature of 450°C for 15 minutes, with the aim of 
sintering and crystallization of TiO2particles. Dimensional variation photoelectrode area is done by preparing three 
kinds of screen mask with different widths to get the photoactive area with size 2x2, 2x1, 5 and 2x1 cm2. 
The next process is the coloring is done through immersion in the dye solution samples. The solution is made of 
Ruthenium (Dyesol-N719) with a concentration of 40 mg in 100 ml of ethanol solvent. Samples were immersed in a 
petridish and at room temperature without light for 24 hours. 
Type of counter-CNTs electrode used is the consideration that in addition to the relatively low price of CNTs also 
have a fairly high conductivity, thermal stability and has good chemistry and a good catalyst for the reduction 
reaction of triiodide [24-25]. 
After each section, and a counter electrode photo-electrode finished fabricated, in part photo-electrode 
surrounding area TiO2 fitted thermoplastic sealant layer (DuPont-Surlyn-50) by leaving some areas as air holes. 
Counter electrode parts are bonded by then glued on the top, and then the sample was heated at 120°C for about 35 
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minutes. The next process is the replenishment of electrolyte (Dyesol-EL141) through the air holes. The next stage 
of encapsulation, which is the closure of the air holes. The material used in this study is the hermetic sealing 
compound (or referred to as glass frit) with a composition of part A:part B is approximately 1:2. The glass frit 
material takes about 24 hours to completely harden. 
4. Results and discussion 
To study the microstructure of the TiO2electrode, SEM analysis performed after the electrode is immersed into 
the dye solution. The results are shown in Figure 2. It can be seen that the technique of screen printing conducted 
have produced nano-sized TiO2 layer evenly distributed, it is important to achieve high efficient DSSC. 
 
 
Fig. 2. SEM view of the screen printed TiO2-electrode. 
The Counter-electrode, showing the three-dimensional topology, with increased spraying so the thicker layer. 
This means a larger surface area for the same geometry as the electrode. Fig. 3 shows SEM images of CNT counter-
electrode spray coating after repeated 15 times. Average thickness ranging from about 1 to 3μm for spraying:10-
55times. 
a) 
 
b) 
 
Fig. 3. SEM images of the CNT based counter electrode; (a) the surface; (b) the cross-section. 
Fig. 4 shows the results of the transmittance characteristics as measured using spectrophotometer for the CNT 
counter-electrode after 5, 10, 15 times spraying. In general, the transmittance decreases as the number of spraying 
increased. This is not surprising, since increasing the number of spraying also means increases its thickness. 
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Fig. 4. Transmittance characteristics of the spray coated CNT counter-electrode. 
Sheet-resistance counter-electrode, which was measured by using a four-point method (Four point probe), showed 
values decrease with increasing thickness. Data Table 1 are the average values for the sheet-resistance, taken after 
several measurements for each thickness of the counter-electrode. Table 1 shows the average value of sheet 
resistance (RS), the open circuit voltage (Voc) short circuit current (ISC), maximum power (Pmax), field factor (FF), 
and efficiency (η) of the CNT counter-electrode. 
Table 1. The average values for the sheet-resistance. 
CNT RS (Ώ/sq) Voc (mV) Isc (mA) Pmax (mW) FF η 
10x 16,78 84 1,28 0,03 0,23 0,07 
15x 16,76 107 1,81 0,05 0,25 0,15 
25x 16,53 405 3,38 0,42 0,31 1,18 
55x 16,45 598 3,41 0,67 0,36 1,98 
Pt 2,67 661 4,08 1,45 0,53 4,12 
 
The I-V characteristics of the DSSC were obtained by manual measurements under solar sun simulator (Oriel) at 
AM 1.5 (35 mW/cm2), and applying a variable load resistance across the DSSC structure. Fig. 5 shows the 
experimental set up for this measurement. Variation in the load resistance has resulted in a measureable variation in 
the current flowing and voltage across the DSSC. By plotting the resulting I-V values, it can be obtained parameter 
values such as open circuit voltage (Voc), short circuited current (Isc), maximum voltage (Vm), maximum current 
(Im), maximum power (Pmax), field factor (FF) and cell efficiency (η). Table 1 summarises the results of this DSSC 
measurement. 
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Fig. 5.Measurement of DSSC I-V characteristics under sun simulator at AM 1.5. 
From Table 1, it can be seen that efficiency of the DSSC ranged from 0.07 to 1.98. In general, it shows an 
increasing value as thickness of the CNT layer increases. This also means that DSSC efficiency increases with 
decreasing sheet resistance and decreasing light transmittance of the CNT counter electrode. A simple explanation 
for these phenomena is that in a low resistance counter electrode, electrons can flow more aggressively, thus 
increases the speed of redox reaction process within the DSSC cell. In the lower transmittance counter electrode, 
more photons are being trapped inside the cell, resulting in more electrons being generated. 
To make a comparison, DSSC based on platinum (Pt) counter electrode has also been fabricated using the same 
method of processing. As can be seen from Table 1, the results of its characterization showed that Pt counter 
electrode has a much lower sheet resistance, and thus higher cell efficiency. 
5. Conclusion 
The fabrication of dye-sensitized solar cells (DSSC), based on a multi-wall CNT counter electrode have been 
successfully conducted in this research. The DSSC components, including ruthenium dye and electrolyte have also 
been applied and assembled. The surface morphology of the electrode and counter electrode has been analyzed using 
SEM, indicating nano structures which are important in achieving high efficiency DSSC in the future research. From 
the study of the I-V characteristics of the cells showed that the energy conversion efficiency increases with 
decreasing light transmittance and the best efficiency is obtained increases with decreasing light transmittance and 
sheet resistance of CNT counter electrode, with the best efficiency is obtained equal to 1.98. Compared with the 
DSSC based platinum (Pt), the CNT still produce lower efficiency, so it is expected to further research to improve 
the efficiency of CNT-based DSSC. 
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